Psychopathy is a complex clinical condition conceptualized as a combination of personality features, including shallow affect and egocentricity, as well as behavioral features including impulsivity and poor behavioral controls. 1 It has been hypothesized that deficits in the fronto-temporal neural circuit, particularly the ventromedial prefrontal cortex, dorsolateral prefrontal cortex, medial temporal regions and cingulate cortex, may play crucial roles in the neurobiological bases of psychopathy. 2, 3 Prefrontal impairments, specifically, have been linked to poor decision making, whereas deficits in the temporal regions have been argued to contribute to the lack of emotion and social dysfunction in psychopathic individuals. We employed a cortical pattern-matching method, 4 to investigate localized differences in cortical gray matter thickness in psychopaths compared with that in non-psychopathic controls. We also examined whether the abnormality in cortical thickness is associated differentially with the four distinct facets of psychopathy (namely, Interpersonal, Affective, Lifestyle and Antisocial 1 ). Regional variations of cortical thickness were examined in 27 psychopaths and 32 normal controls recruited from the community. The demographic, cognitive and diagnostic characteristics of these individuals were obtained, 5 and two groups did not differ in age, gender, ethnicity, handedness, or substance abuse (all P > 0.2). For each participant, structural magnetic resonance imaging data were collected using a 1.5T Philips S15/ACS scanner (repetition time:echo time = 34 ms:12.4 ms; voxel size = 0.9 Â 0.9 Â 1.7 mm). 5 Cortical thickness was measured with high spatial resolution at homologous anatomical regions across individuals, using earlierdetailed cortical pattern-matching algorithms. 4 The General Linear Model implemented with R (http:// www.r-project.org/), examined group differences when controlling for whole brain volumes. Linear regression analyses were used to determine the degree and direction of relationships between psychopathy and cortical gray matter thickness, across the entire sample of 59 individuals. Permutation analyses with a threshold of 0.05 were used to confirm the significance of multiple comparisons carried out at high spatial density. Regions-of-interest for frontal and temporal cortices were obtained from a probabilistic atlas to permute effects specific to these regions.
Psychopaths showed significant cortical gray matter thinning in the right frontal and temporal cortices (permutation corrected P = 0.036, P = 0.017, respectively) compared with that in non-psychopathic controls (see Figure 1a , for uncorrected results). Furthermore, in the right hemisphere, reduced cortical thickness was associated significantly with increased Affective facet scores (permutation corrected P = 0.034), but not with Interpersonal (P = 0.09), Lifestyle (P = 0.23), or Antisocial facet scores of psychopathy (P = 0.09). The left hemisphere cortical thickness/psychopathy facet scores associations were all statistically non-significant (all P > 0.08). The negative correlations for the Affective facet score were significant for both the temporal and the frontal cortices' regions-of-interest (permutation corrected P = 0.018, P = 0.045, respectively), and observed prominently in the right middle frontal gyrus, right rectal gyrus, posterior cingulate gyrus and medial temporal cortex (including the parahippocampal gyrus and temporal pole) in the uncorrected statistical maps (Figure 1b) .
Our findings of significant gray matter thinning within the right frontal and temporal cortices, suggest that the structural correlates of psychopathy may be linked to the emotional deficits characterizing psychopaths. The finding of right hemisphere pathology in psychopaths is consistent with observations from lesion studies, showing that damage to the right hemisphere impairs the ability for effective recognition, especially for negative facial expression, 6, 7 similar to dysfunctions documented in psychopaths. 1 Our findings of cortical thinning within frontal and temporal regions are also in agreement with earlier studies that show frontal and temporal gray matter volume reductions in psychopathic individuals, 5, 8 and support earlier hypotheses that both regions and/or associated disturbances of fronto-temporal circuitry play an important role in the underlying neuropathology of psychopathy. Damage to the dorsolateral and ventromedial prefrontal cortices has been shown to disrupt normal decision making, 9 although damage to the medial temporal cortex critically impairs processing for the emotional and social context of information. 10 Thus, these findings may suggest that reductions of cortical thickness within the frontal and temporal regions account for similar dysfunctions observed as features of psychopathy.
The negative associations between Affective facet scores and cortical thickness in the anterior and medial temporal regions are consistent with functional imaging studies that show a reduced activation in these regions, during both affective memory task and fear conditioning in psychopathic individuals. 2, 3 This observation serves to confirm the contribution of structural impairments in psychopathy, and further indicates that localized cortical thinning, especially in the right medial temporal cortex, and to a lesser degree, in the right dorsolateral and ventromedial prefrontal cortices may be linked to the emotional deficits in psychopaths. 
